balneology section had been formed in 1907and this became the formal Section of Radiology in 1931.
Departments of skiagraphy or X-ray were developed rapidly within the next few months in such hospitals at 8t Bartholomew's, St Thomas's and Guy's, where Mr Shenton was the radiographer. With one notable exception, however, their establishment in specialized orthopaedic hospitals was delayed for another decade. The exception was provided by Sir Robert Jones in Liverpool, generally accepted as the father of British orthopaedic surgery. Within a few days of Rontgen's discovery, he was informed about it by a private letter from Germany. He discussed it with his friend, Dr Thurston Holland, destined to become one of the great radiological pioneers. In the latter's memoirs, it is recorded that initially they both laughed. Nevertheless, second thoughts prevailed and Jones ordered, at his own expense, possibly the first set in Britain, to be operated by Thurston Holland. With Sir Oliver Lodge he published the first case in The Lancet in February 1896, describing the localization of a bullet embedded in a wrist. The time of the exposure was approximately two hours (Jones & Lodge 1896). Moreover, Jones gave his name probably to the first of many eponymous lesions of the skeleton. In the summer of 1896 he injured his foot at what sounds like rather a wild party at a volunteer camp and X-rayed himself to discover the transverse fracture of the base of the 5th metatarsal, which is known still as the Robert Jones fracture.
Other orthopaedic hospitals, however, had to wait. At the Royal National Orthopaedic Hospital, for example, the formal department was opened only in 1910, the necessary funds for installation of a set having been subscribed (10 guineas each) by the RNOH surgeons, probably under some degree of compulsion. The Lord Mayor Treloar Orthopaedic Hospital in Alton had been opened in 1908, and the report to the Board of Governors of the Medical Superintendent (Sir Henry Gauvain, later to become my father-in-law and to encourage me into the world of orthopaedics) of 31 October 1909, contained the sad plea 'I beg for the provision of an X-ray apparatus'. This request, in fact, was denied in the belief that it had no place in the diagnosis of tuberculous lesions of the skeleton. The first set was provided a year later by a grateful private patient.
Developing techniques
The earlier apparatus was extremely crude, consisting simply of an unprotected Crookes tube with bare wires connecting to accumulators. As more electric power became available by connection to main electricity supplies (with consequent reduction of exposure time) the danger of electric shock increased. In general, however, manufacturing technique improved rapidly, with the introduction of such technical refinements as intensifying screens (more recently of the rare earth type), a rotating anode, a Potter-Bucky grid to reduce secondary irradiation and, most importantly, shock-proofing. Many specialized methods of investigation were introduced.
Stereoscopy was directly inherited from photography and was employed initially for the localization of foreign bodies, being reported by Thomson in the United States in March 1896. Sinography, using bismuth paste, was certainly being employed in 1912,but in due course was replaced by iodized oil and water-soluble media.
Tomography became a practical method in the investigation of pulmonary disease as a result of the work of Twining (1937) , but its application to orthopaedics only appears to have begun after World War II.
Vascular studies using contrast media, initially developed before World War II, have found surprisingly little application in relation to skeletal disorders. They may be of some help in assessing the extent of bone and soft tissue involvement by tumours or in localizing such lesions as osteoid osteoma, but sometimes they appear to be misleading, suggesting benign neoplasms to be malignant and vice versa. Such examinations always should precede biopsy. That procedure alone may produce a confusing zone of hypervascularity.
During the years before World War II, advances were taking place in orthopaedic surgery which led to increasing collaboration between radiologists and orthopaedic surgeons. Foremost among these were the use of internal splints and metal implants. Some of the earliest radiographs illustrated wiring of fractures, but the complication of electrolytic destruction, not only of the metal but also of the adjacent bone, discouraged their use. In some instances lytic lesions were confused with infections or even tumours. This hazard was not overcome until Smith-Petersen et 01. (1931) introduced low-ehrome stainless steel for pinning of femoral neck fractures. His subsequent cup arthroplasty of the hip, introduced in 1938, was very successful with the use of such metal. All these procedures carried the danger of infection as a complication.
Another advance which was to lead to increasing collaboration was the development of the first antibiotic, penicillin, produced by Sir Alexander Fleming in small quantities in 1943. In earlier years the complication of infection had been disastrous. Aggressive osteomyelitis of a limb, for example, not infrequently culminated in amputation. Surgical intervention in cases of skeletal tuberculosis was liable to introduce secondary pyogenic infection and therefore cause even more prolonged disability. This hazard could only be overcome by the use of a scrupulous no-touch technique, as introduced by the late Sir Thomas Fairbank in 1922 for his shelf arthroplasty for congenital dislocation of the hip. To a large extent the development of infection has been overcome by the advent of antibiotic therapy. Newer, more aggressive surgical procedures could beundertaken. These usually require radiological collaboration.
Arthrography, for example, was developed first by Lindblom in Sweden (1948) for the investigation of internal derangement of the knee. Wherever such facilities have been introduced, the demand for such a service has escalated rapidly. More extensive joint replacements could be undertaken. The earlier prostheses for the hip included those of the acrylic type, introduced in 1950by the brothers Judet in Paris. These, however, were so brittle that they were only transiently successful. They were followed soon by those of Thompson (1952) , particularly for immediate replacement of femoral heads after fractures of the femoral neck, and Moore & Bohlman (1954) . Today the metal-plastic replacements of the Charnley and Stanmore type carry a high degree of success in the restoration of pain-free function for degenerative disease of the hip.
In this connection, reference must be made to the use of acrylic and metallic prostheses for replacement of bone. This technique, introduced at the Royal National Orthopaedic Hospital in 1951 by Jackson Burrows (1954), has become increasingly valuable. It has provided a wonderful escape route from neoplasms of low-grade malignancy. When such lesions are located in the femur or humerus, limbs which otherwise would have been amputated have been preserved.
But perhaps the greatest field of collaboration between radiologists and orthopaedic surgeons has been in the investigation of spinal lesions. Myelography was performed accidentally in 1921 in Paris, using Lipiodol. This iodized oil had been introduced very early in the century as a therapeutic medium. On this occasion Forestier injected it inadvertently into the subarachnoid space. This technique, however, did not develop until much later with the introduction of the less irritant medium Myodil. This medium has in turn been replaced largely by the recently introduced non-irritant water-soluble media, permitting much more accurate visualization of a prolapsed disc or an oedematous nerve root. These measures also have been supplemented by discography and spinal venography.
None of these techniques could be undertaken lightheartedly without antibiotics for the treatment of any accidentally-introduced infection.
Another advance which had important implications for orthopaedic radiology was the introduction of steroid therapy. Research into the function of the adrenal cortex had proceeded vigorously from the time when Cushing (1932) described his syndrome of obesity, hypertension, weakness and depression of sexual function. This research reached a climax on 21 September 1948 when Hench and his colleagues (1949)at the Mayo Clinic first injected their 'Compound E', subsequently renamed cortisone, into a young woman with active rheumatoid arthritis, with a miraculously beneficial response. Only a decade later the iatrogenic effects of this medication on the skeleton came to be appreciated (Murray 1960). These have included osteoporosis, relatively painless fractures, violent spread of infection, delayed skeletal maturation and disintegration of major joints, the last being unfortunately a common complication of organ transplant procedures. These iatrogenic hazards are now fully recognized, but cases of'steroid arthropathy' have given way to cases of'analgesic arthropathy' (Allen & Murray 1972) . The latter are attributed to the suppression of pain by drugs, leading to unaccustomed activity of a disordered joint mechanism, introducing a 'Charcot-like' disintegration of articular surfaces.
Today a new world is unfolding before us. The very word 'radiology' now is being replaced by the term 'diagnostic imaging'. Radionuclide scanning began with radiotracers in 1935and in the post-war era atomic reactor-produced radionuclides have become generally available. For the skeleton, strontium-85 and fluorine-If were used at first, but both have their disadvantages and it was not until 1971 that agents of the technetium polyphosphate type became available and made the procedure much more acceptable. In malignant disease this technique is of enormous value, particularly with metastases, when widespread skeletal involvement may be established in the absence of frank radiological change. By contrast, impaired vascularity causing necrosis of bone may be recognized by failure of uptake in the affected area -a 'cold spot' -long before the lesions become evident radiologically.
Ultrasound, developed during the last two decades, has been shown to be of value in the diagnosis of lesions in the soft tissues. It may allow differentiation between cystic and solid lesions and define their extension into bone at such sites as the pelvis. It may permit accurate definition of the size and extent of a Baker's cyst, the presence of which may be elusive in orthodox films. The physical properties of ultrasound, however, prevent its widespread use in the diagnosis of skeletal lesions. Recent work suggests that it may have a place in the assessment of spinal stenosis.
Computerized tomography, the newest advance, has revolutionized many radiological investigations and has many applications in the diagnosis of musculoskeletal disorders. With this technique, for example, the size and location of tumours arising the pelvic bones can be assessed much more accurately than by orthodox radiological examination. Such studies, indeed, may provide important information in assessing the nature of a particular neoplastic process and are likely to indicate the extent ofany soft tissue component which may be present (McLeod et 01. 1978) .The procedure is of further value in demonstrating spinal abnormalities, such as spinal stenosis and meningoceles. Detail of certain areas in the skeleton which are difficult to examine by routine methods may become much clearer with the use of CT. Anteversion of the femoral neck, for example, may be measured with considerable accuracy and improved delineation of the sternoclavicular and spinal facet joints may be a valuable diagnostic aid. Some success has been achieved in the early diagnosis of ankylosing spondylitis affecting the sacroiliac joints.
